INTRODUCTION
============

Cancer morbidity worldwide is growing. However in the United States, the overall morbidity slightly decreased in 2013, (by \>0.6%/yr in men, but it was stable in women), while the mortality rates decreased by 1.8%/yr in men and by 1.5%/yr in women \[[@B1]\]. The lung was the site of the highest cancer mortality in both the sexes (28% and 26% in men and women, respectively, while the second highest mortality rates, prostate cancer in men and breast cancer in women (10% and 14%, respectively), were nearly half those of the lung cancer rates \[[@B1]\]. While the disease, when recognized in its localized state, has good five-year survival (52%), the regional or far distant stages have survival rates of only 25% and 4%, respectively. However, at the first diagnosis, 56% of cases already show distant metastatic lesions, while only 22% are regional and 15% are local only \[[@B2]\]. This is why the overall survival data shows a sad picture: relative survival rates (male/female) are 29.4%/33%, 7.8%/9.3%, and 4.9%/5.9% for one-, five-, and ten-year-survival studied in 2005 to 2009 \[[@B3]\]. Due to the sad fact that lung cancer is one of the leading causes of mortality for humans, there have been numerous attempts to stop this trend \[[@B4]\]. Despite the well developing treatment modalities, the ratio of lung cancer mortality rate to the incidence (0.8) is more than double the average mortality/incidence ratio (0.3) among the population \<65 years \[[@B5]\]. The incidence of lung cancer between the ≥65 years and \<65 years old patients differs in 14%.

The Korean statistics are similar to the worldwide trends \[[@B6],[@B7]\]. Furthermore, special circumstances were observed in the case of Korean patients: The profiles of EML4-ALK fusion gene variants of non-small-cell lung carcinoma (NSCLC) may differ from those in other populations of other ethnicities \[[@B8]\]. The need to improve the rate of cure has remained of central importance in the field.

The majority of cases (range, 75% to 85%) are of the non-small-cell histology, and half of these are adenocarcinomas \[[@B9]\]. The intense challenge is that most of the NSCLCs are first diagnosed when they have already in advanced stage or have already become rapidly metastatic \[[@B10]\]. The majority of patients present with either locally advanced disease (stage III) or metastatic disease (stage IV). The standard first-line strategy for the treatment of advanced stage NSCLCs is a limited number of chemotherapy cycles to achieve tumor regression or at least stabilization \[[@B11]\]. Importantly, patients who undergo curative surgical resection for apparent localized disease have survival rates ranging between 50% and 80%, implying the need for better systemic treatment to cure occult micrometastatic disease. Therefore, the majority of patients either presents with advanced disease requiring chemotherapy or require chemotherapy at the time of relapse after surgical resection. While efforts to cut down on smoking are crucial to the eventual control of the disease, newer treatments for patients who currently have the disease are critical.

As a class, NSCLC is relatively insensitive to chemotherapy, compared to small cell carcinoma (SCLC). When possible, they are primarily treated by surgical resection with curative intent; however, chemotherapy is increasingly being used both preoperatively (neoadjuvant chemotherapy) and postoperatively (adjuvant chemotherapy).

Modern lung-cancer treatment is based on platinum-containing doublets (carboplatin and cisplatin) and more recently on gemcitabine, paclitaxel (Taxol and Doxitaxel), vinorelbine (Navelbine). The analysis of 52 clinical studies shows the advantages of cisplatin-based therapies (10% 1-year survival increase), which reduce the risk of exitus by 27% \[[@B12]\], compared to the applied supportive therapies. In general, the median survival with such chemotherapy is 7 months.

The gemcitabine-based triplets and doublets (paclitaxel/carboplatin/gemcitabine; paclitaxel/carboplatin/vinorelbine; paclitaxel/gemcitabine; gemcitabine/vinorelbine); had 37%, 29%, 40%, and 49% one-year survival and 9.6, 9.9, 8.7, and 10.7 months median survival, respectively \[[@B13]\]. The gemcitabine-based doublets had a lower response rate (RR), but longer survival and less adverse effects. In general, the median survival ranges between 6 and 12 months, with 7 months on average. The one year survival is 24% to 51%, and 25% to 30% on average.

An extended large study including in total 1,207 patients \[[@B14]\] with advanced NSCLC was performed to compare the randomly assigned treatment to a reference regimen of cisplatin and paclitaxel or to one of three protocols: cisplatin and docetaxel, cisplatin and gemcitabine, or carboplatin and paclitaxel. The result was somewhat disappointing: none of the four chemotherapy protocols showed significant advantage over the others in the treatment of advanced NSCLC. The RR was 19%, with a median survival of 7.9 months, the first-year survival rate was 33%, while the second-year survival rate was 11%. Two other chemo-protocols were also compared, pemetrexed and docetaxel. The clinical efficacy was equivalent, but significantly fewer side effects were observed with the docetaxel regime in the second-line treatment of patients with advanced NSCLC \[[@B15]\].

Considering the side effects of the present treatment options, including surgery, radiation, and platinum-based doublet chemotherapy, another promising drug family was developed connected to growth factor receptors (GFR) to treat NSCLC. To increase the efficacy of such growth factor receptor tyrosine kinase inhibitors, the coinhibition of GFR signaling pathways and combination of inhibitors along with radiation or chemotherapy have been studied \[[@B16]\]. This is a clinically validated therapy targeting the signaling pathways of either the vascular endothelial GFR or epidermal GFR (e.g., gefitinib, cetuximab, erlotinib, bevacizumab), but the complex signaling system of solid tumors could adapt to the situation \[[@B17]\], so the targeting of multiple regulatory pathways makes sense \[[@B16]\]. The development of multitargeted tyrosine kinase inhibitors (TKIs) is thus a concern. Although there is increasing research interest in these kinds of drugs, their therapy-related adverse effects and their safety remain controversial. As we discussed above, some clinical trials have been stopped early because of toxicity issues with multitargeted TKIs, and some other trials did not achieve primary improvement in overall survival; there is still a need for exploring more convenient, newer pathways as well as to develop insight into the coinhibition of existing pathways. It is important that greater attention be drawn to the signaling pathways that are modified by the use of kinase inhibitors. Genomic landscapes for patient-specific evaluation should be provided to appropriately select patients who are most likely to benefit from RTK (receptor tyrosine kinase)-inhibition therapy.

SCLC comprises about 15% of all primary lung cancer cases, and it is usually the consequence of smoking. SCLC is a major clinical problem, with an aggressive clinical appearance and short survival time. Its treatment protocol is different from that of NSCLC \[[@B18]\]. Currently, the optimal treatment is platinum-etoposide chemotherapy (four cycles) applied with complementary thoracic irradiation in patients in early stages, but radiotherapy is not applied in the late stage.

Many promising clinical approaches are available for lung cancer, but unfortunately, the breakthrough in this kind of malignancy has not been reached yet, and lung cancer treatments remain a high priority in clinical practice.

Our present paper reviews the feasibility of oncothermia treatment for both NSCLC and SCLC. This study concentrates on the significance of the survival time as one of the most important factors for measuring the success of a treatment in oncology.

HYPERTHERMIA IN PULMONARY CANCERS
=================================

Hyperthermia (HT), combined with radiotherapy and chemotherapy, seems to be a promising method for cancer treatment \[[@B19]\], although many of the underlying molecular mechanisms of this combination treatment are still not clearly understood. Preliminary results with NSCLC recruiting a limited number of patients (range, 5 to 80 patients) also seem encouraging where HT was combined with chemotherapy, radiotherapy, or both. The co-administration of HT was proven to be safe \[[@B20],[@B21],[@B22]\]. A great number of studies show that HT inhibits angiogenesis, enhances chemo- and radio-sensitivity, and induces a high concentration of drugs within a tumor \[[@B23],[@B24],[@B25]\].

However, there are some restrictions on HT, in general, that hamper its use in lung cancer treatment. Namely, it could aggravate preexisting pleural liquids, the intensive cooling by actual breathing is contra-effective for the overall temperature increase. Furthermore, the increasingly constrained blood flow supports the tumor by glucose, which is an important contra-action, together with the increased risk of the dissemination. Focusing of the energy is limited by the intensive movement of the organ by breathing, and maintains the raised temperature on the place where the energy is focused. In fact, it has even more complications in a good heat-conducting environment than in thermal spreading in other organs. However, some successful clinical trials have shown the feasibility of the HT method for lung cancer. Most of these are combined with radiotherapy, having a 14÷70 Gy dose in the given session. The measured RR was surprisingly high: RR=75% (n=12) \[[@B26]\] and RR=100% (n=13) \[[@B26]\]. In this last study, the mean survival time (MST) was 15 months, (mean-value, 17 months) on the tumors, which had a size on average of 22 cm^3^. The average total dose was 60 Gy, average heating time was 52.3 minutes, and average total session in the cycle was 27. Others had a comparison to a control-arm (not randomized), studying the RR ([Table 1](#T1){ref-type="table"}).

Other trials had a comparison to a control-arm (not randomized), growing the RR from RR=70% (n=30) and RR=53.8% (n=13), to RR=94.7% (n=19) \[[@B27]\] and RR=76.9% (n=13) \[[@B28]\], respectively. The second year survival also increased remarkably: from 15% and 15.4%, to 35% and 44.4%, respectively. The first year survival was measured as well, increasing from 30% to 55% \[[@B27]\].

A study on advanced NSCLC patients (n=13, capacitive coupling, f=8 MHz) to control local chest invasion \[[@B29]\] showed similar good results, and the pain relief was also surprisingly good ([Table 2](#T2){ref-type="table"}).

The chemo-thermotherapy combination was also investigated for NSCLC with success. In laboratory studies, cisplatin was shown to be effective \[[@B30]\], so the clinical studies concentrated on this drug combination. A special case report has shown its feasibility \[[@B31]\], and has demonstrated a median survival gain (from 15 \[n=20\] to 25 \[n=32\] months) \[[@B32]\]. The median survival was measured in another study \[[@B33]\] as 19.2 months, with RR=73% and a 1 year-survival of 75%. The 13.5 months median survival of the historical control was increased to 17.5 months using postoperative (lobectomy or pneumonectomy) application of intrathoracic chemo-thermotherapy by capacitive coupled HT \[[@B32],[@B34]\].

Local control by capacitive HT in combination with radiotherapy was also successful for locally advanced non-small lung cancer \[[@B27]\]. The complete remission rates were 26% and 0% with and without HT, respectively, while the full RRs were 95% and 70%, respectively. Others have also achieved good results from complementary radiotherapy with capacitive HT \[[@B26]\].

The survivals for the treatment group (resection+postoperative intrathoracic chemo-thermotherapy \[PICT\], n=32) and the historical control groups: resection only (n=20) or exploratory thoracotomy (n=11) had median survival rates of 25, 15, and 10 months, respectively \[[@B32],[@B34]\]. The survival curve of the treatment group was significantly better than those of the control groups. Furthermore, the local relapse-free survival for the treatment group (resection+PICT, n=32) and for the historical control group (resection only n=20) was drastically and significantly increased, having more than double the relapsed-free survival in the HT treated group than in its historical counterpart after 48 months. The postoperative application was successful in other studies too \[[@B31],[@B34]\]. The 5-year median survival was measured in another study \[[@B34]\], showing rather high numbers (24.5%, for patients with N0+N1 status \[n=14\]). The median survival with PICT was measured, and definite gain was found (from 15 \[n=20\] to 25 \[n=32\] months) (capacitive coupling, 8 MHz and 13.56 MHz). The MST was 10, 15, and 25 months for treatment group (resection+PICT) and the historical control groups (resection only and exploratory thoracotomy only), respectively. The survival curve of the treatment group was significantly better than those of the control groups. Measuring the local relapse-free survival for the treatment group (resection+PICT) and the historical control group (resection only) also revealed a significant benefit with HT treatment. Another chemo-thermotherapy study \[[@B35]\] showed fairly good results: an MST of 19.2 months, RR=73%, and a 1 year-survival of 75%.

The chemo-thermotherapy combination was also investigated for NSCLC with success. In laboratory studies, the synergy between the gemcitabine and HT in NSCLC was shown *in vitro*, and *in vivo* in a nude mouse xenograft model \[[@B36]\]. The decrease in the tumor size and a significant inhibitory effect of growth were shown, and HT supported gemcitabine-induced apoptosis.

Locally advanced NSCLC was studied (n=32) with fractional radiation (180.300 cGy/fraction, 5 fractions/wk, median dose 5.58 Gy) \[[@B37]\] ([Table 3](#T3){ref-type="table"}). The results indicate differences, but they were not significant.

To search for significant improvements in outcomes of thermotherapy, a large study involving two randomized, controlled, multicenter phase III studies was sponsored by a nonmedical international organization, the International Atomic Energy Organization to avoid any bias in medical sponsoring: for uterine cervix (n=110) \[[@B38]\] and for NSCLC (n=80) \[[@B39]\]. Both studies were performed in combination with radiotherapy and with or without HT. The results of both studies were disappointing.

The differences in the complete clinical response (complete remission) as well as overall survival rates in combined and single radiotherapy arms were statistically insignificant (p=0.49 and p=0.868, respectively), while the local progression-free survival was significantly better in the combined arm (p=0.036). The authors concluded that there was no substantial benefit in treating locally advanced NSCLC by adding HT to radiotherapy, although there was some improvement in local progression-free survival.

Other kinds of HT (whole-body heating and very local ablative heating) have also been attempted. Whole-body HT was also applied to treating advanced lung cancer \[[@B40]\]. A benefit of HT was found (n=49), which was more substantial in elderly (\>60 years) patients. The remission rate was 50%, and the MST was 7 months (mean is 12.7 months) in primary and 5.5 months for metastatic diseases.

Percutaneous ablation by radiofrequency (RF) \[[@B41],[@B42]\] and by laser-induced interstitial thermotherapy \[[@B43]\] are also used for pulmonary tumors. In addition, intrapleural HT by perfusion is being used in clinical practice \[[@B44]\]. The breathable perfluorochemical liquid used in convective HT also appears to be a feasible alternative for lung cancer treatment \[[@B45]\].

ONCOTHERMIA METHOD
==================

There is a serious need for a stable HT method that is free from controversy and adverse effects, not only because of the high incidence of pulmonary malignancies, but also because of the variety of primary tumors that frequently metastasize to the lungs. The most common types include breast cancer, colon cancer, prostate cancer, and bladder cancer.

A primary lung lesion can also quickly develop metastatic lung malignancies in other lobes. This causes the patient to progress quickly to advanced disease and requires a high stage of care (frequently stage IV).

Furthermore, due to the lack of multiple effective therapies for high-line treatment (third-line or over), no real treatment options are available in such cases, which is another cause of the high mortality rate. Good supportive and sensitizing complementary therapies are missing from the application spectra.

Another important factor demands new therapies: the quality of life. Patients with lung malignancies rapidly lose their Karnowski Performance Score (KPS), so any new therapy should have minimal adverse effects and improve the quality of life of the patient.

One of the most advanced HT modalities devoted to oncology is oncothermia \[[@B46],[@B47]\]. This method aims to preserve all positive effects of conventional HT while improving on the imperfections and answering the challenges posed by conventional approaches. The key is nano-range energy liberation instead of overall heating of the mass of the target \[[@B48]\]. This review will not explain the method of oncothermia in detail, which has already been done elsewhere \[[@B46],[@B49]\], or describe its technical realization \[[@B50]\]. However, this paper will note some important factors of the method that are closely related to pulmonology applications.

Oncothermia is a highly sophisticated method that addresses some of the limitations of HT \[[@B51]\] and makes it possible to reintroduce HT by new standards \[[@B52]\]. It is based on a strong synergy between the temperature and the electric field \[[@B53]\]. The RF current is chosen with a proper amplitude-modulated RF (13.56 MHz) \[[@B54]\], which is absorbed in the nanoscopic range by the malignant cells \[[@B55]\]. The physiological differences of the malignant cells from their healthy counterparts \[[@B51]\] distinguish the malignancy, which is self-selected by additional time-fractal modulation \[[@B56]\], which means that this is a highly customized treatment method \[[@B57]\]. The malignant cell is destroyed by apoptosis \[[@B58]\]. The apoptotic process uses an outer pathway \[[@B59]\] (not the mitochondrial internal pathway that is used in normal HT \[[@B60]\]), forming a damage-associated molecular pattern \[[@B61]\] and inducing immunogenic cell death \[[@B62]\], which could be the basis of the directed abscopal effect too \[[@B63]\]. These effects start to emerge in lung cancer management \[[@B64],[@B65]\], and could be the basis of a long-awaited feature of oncology: personalized care \[[@B66]\].

The treatment technique is simple and very user-friendly. It is safe and rarely has any side effects; patients are relaxed during the treatment thanks to the comfortable waterbed below containing the lower electrode. The upper electrode is a thermally and electrically balanced water bolus, which conforms to any body shape. The RF current flows through the patient self-selectively, irrespective of the movements of the tumor. The current flows along the best path for conduction, which is also the best pathway for treatment.

CLINICAL RESULTS
================

Given that oncothermia is usually applied in very advanced cases, mostly third-line therapy and beyond, it is rather complicated to assemble an appropriate cohort for a prospective study. The present clinical results are dominated by case reports and few more extensive studies.

SOME CASE REPORTS
=================

Several reports on cases of oncothermia application worldwide have been informative ([Figs. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}, [4](#F4){ref-type="fig"}).

Some important messages from these cases are:

1\) Do not evaluate too early by imaging, due to the slow apoptotic process \[[@B46]\].

2\) It is better to measure the actual change of the tumor marker from serum \[[@B67]\]. Their clinical effectiveness is relatively good \[[@B68]\], and corresponds well with the genetic abnormalities of the cancer \[[@B69]\]. Tumor markers may be used to monitor any response to the treatment and determine whether the cancer has recurred after treatment, but in general, tumor markers alone cannot be used to diagnose cancer; they must be combined with other tests. The guidelines of the National Academy of Clinical Biochemistry USA are best followed \[[@B70]\].

3\) The optimization of the actual treatment has to be personalized. The trimodal therapies (oncothermia and two jointly applied \'gold standards\' like radio- and chemotherapies) have good outcomes, but bimodal application is also suitable in most cases. In the cases when the gold standards are inapplicable, monotherapy with oncothermia also has good results, but in these cases, the number of sessions in a cycle is approximately doubled \[[@B71]\].

4\) In chemotherapy applications, old \'simple\' drugs like mitomycin-C could be reapplied \[[@B46]\].

5\) The new chemo-categories (like the addition of bevacizumab to conventional platinum derivatives) are also applicable to oncothermia \[[@B72]\]. Independently of oncothermia, we expect various chemo-agents from the literature to be synergistic; for example, the addition of bevacizumab to cisplatin-based chemotherapy significantly prolonged progression free survival and overall survival in phase III \[[@B73],[@B74]\] and phase IV trials \[[@B75]\], proved to be safe in treating over 5,000 patients \[[@B76],[@B77],[@B78]\], and in the maintenance setting, also demonstrated a beneficial effect on progression free survival \[[@B79],[@B80]\], but the addition of oncothermia to this combination was recently approved for the first time \[[@B72]\].

6\) Even in the cases where the local control is not so effective (poor partial remission/response or no response), the quality of life improved, which is a great advantage of oncothermia.

7\) The method is safe and apparently free of adverse effects in any combined or monotherapy applications.

8\) In the mild trimodal application (low-dose radiotherapy, an immune activator, and oncothermia), the abscopal effect is clearly observable \[[@B81]\], which was also seen in laboratory model experiments without the addition of ionizing radiation \[[@B63]\].

9\) Oncothermia can be applied as concurrent therapy even in a fifth-line chemo-companion \[[@B82]\] in highly advanced disseminated cases.

10\) The strategies of advanced cases have multiple vices \[[@B83]\], but oncothermia could be successfully applied in far advanced cases too \[[@B84],[@B85]\].

11\) Oncothermia can be applied not only in primary lung malignancies, but also for metastatic cases as well \[[@B87],[@B87]\].

STUDIES
=======

Advanced lung cancer was studied in a double-arm prospective study \[[@B88]\] with real endpoints of survival time and quality of life. In the active arm (n=75), stage IIIb and IV lung cancer patients were included, while a same patient characteristics cohort (n=40) was on control arm ([Table 4](#T4){ref-type="table"}). These patients were inoperable. Oncothermia was applied in 20 sessions, every other day, 60 min/each. The treatment efficacy, survival rate, and life of quality were assessed before the treatment, after the treatment, and every sixth month.

The local control (remission rate) ([Fig. 1](#F1){ref-type="fig"}), as well as the overall survival ([Fig. 2](#F2){ref-type="fig"}), was significantly superior in the oncothermia combined (active) arm of the study in comparison with the control. In addition, the treatment group showed statistically significant differences in quality of life functions, emotions, general conditions, pain, shortness of breath, loss of appetite, cough, hemoptysis, and chest pain.

Another study examined SCLC \[[@B89]\]. The double-armed study included treatment with (n=23) and without (n=8) oncothermia complementary to chemotherapy for SCLC. Chemotherapy was the first-line treatment: irinotecan (60 mg/m^2^), and cisplatin (60 mg/m^2^) three times. The status was evaluated by chest computed tomography. When the progression of the tumor or metastases was detected, the chemotherapy was changed to etoposide (110 mg/m^2^) and cisplatin (70 mg/m^2^) in the second line. Oncothermia was performed from the first chemotherapy treatment period up to 150 W, 1,490.5 kJ energy for 60 minutes, every second day, with a rise in temperature to 38.5℃ to 42.5℃. In this study, we used an electrode with a 30-cm diameter applied to the thorax, with at least 12 sessions in 1 cycle. The results showed promising improvement of the survival compared to chemotherapy alone. The overall survival showed a significant benefit for the oncothermia treated group ([Fig. 3](#F3){ref-type="fig"}).

An extended clinical investigation is in progress \[[@B87]\]. Presently, 10 NSCLC patients and 3 metastatic lung malignancies are included to study the safety (phase I) and the efficacy (phase II) in a well-controlled study. The work is in progress.

A retrospective clinical study of NSCLC patients was performed by two hospitals in Budapest \[[@B90],[@B91],[@B92]\], clearly demonstrating the feasibility and efficacy of oncothermia for advanced cases \[[@B93]\]. The first study was obtained from an open-label, single-arm, monocentric study (n=61) carried out in Peterfy Hospital, Budapest, Hungary (referred to as \'PFY\') \[[@B91],[@B92]\]. The patients included were analyzed according to an intention-to-treat schedule. The primary endpoints of the study were the overall survival time and the survival time from the first oncothermia treatment. The dates of exitus were checked by the National Death Register, so that accurate data were collected. Inclusion criteria were: 1) Inoperable or sub-totally resected, or recurrent primary pancreas tumor, 2) progression after radio- and/or chemo-therapy, and 3) KPS ≥30%, and the inclusion was irrespective of the localization of the lesion in the lung. Patients started the oncothermia process in their late/advanced stages, where most of them had failed to respond to any of the applied conventional therapies. The exclusion criteria were only the well-known contraindications of the oncothermia method (metallic implants or replacements in the treated area, missing heat sensitivity in the treated area, or a pacemaker or other field-sensitive implant in the patient).

The age distribution of n=61 patients was near normal (p=0.82); no outlier was present. The median age was 58 years (range, 38 to 77 years), the mean-age was 58.97 years (standard error \[SE\]=1.17). The gender distribution was 21/40 female/male (34.4%/65.6%). The proportion of the elderly (\>68 years) patients was 21.3%. Oncothermia was performed in 2 to 3 sessions per week. The treatment time per session was 60 minutes. The power was gradually and linearly raised depending on the patient\'s tolerance from 40-80 W to 100-150 W. The applied average energy was 300 kJ/treatment (range, 250 to 450). The applicators used were 3.1 dm^2^ and 7.1 dm^2^, depending on the tumor volume.

Most of the patients (n=49, 80.3%) had distant metastases. They were heavily pre-treated; all of the patients had received at least one line of chemotherapy and had undergone other treatments (surgery, radio- or second-line chemo-therapy).

The actual staging was made at the first diagnosis (44% was in advanced \[World Health Organization IIIb or IV\] stages) and at the first oncothermia treatment (75% was in an advanced stage). The median of the elapsed time from the first diagnosis to the first oncothermia treatment was 8 months (range, 0.4 to 172 months), while its mean was 16.3 months (SE=3.1). The elapsed time ratio to the overall survival was more than 50% (median, 59.9% \[6.5-99.1\]; mean, 59.4 \[SE=3.5\]); the patients received their first oncothermia in the second half of their survival time. The oncothermia treatment was provided twice a week; the treatment number averaged 8.1 (SE=0.55) sessions with a median of 8 (range, 2 to 23).

The Kaplan-Meier plots of the overall survival (median, 16.4 months \[1.7-181.9\]; mean, 25.6 months \[SE=3.8\]) and the survival from the first oncothermia treatment (median, 5.7 months \[0.1-44.9\]; mean, 9.2 months, \[SE=1.3\]) are shown in [Fig. 4](#F4){ref-type="fig"}. For the elderly patients, neither the overall survival nor the oncothermia survival differed between the groups (p=0.68).

The elapsed time to the first oncothermia treatment represents an important parameter. Namely, this is of course smaller (p=0.0019) for the patients with advanced disease at their first diagnosis (n=34, median, 13.0 months \[1.5-142\]; mean, 24.0 months \[SE=5.2\]; and n=27, median, 6.5 months \[0.4-19.9\]; mean, 6.67 months, \[SE=0.83\] for non-advanced and advanced, respectively). However, the opposite was found (p=0.14) when the staging at the first oncothermia was studied (n=15, median, 4.10 months \[1.5-29.3\]; mean, 8.9 months \[SE=2.3\]; and n=46, median, 8.3 months \[0.4-142\]; mean, 18.78 months \[SE=4.0\]; for non-advanced and advanced, respectively).

This tendency is more obvious when the overall survival and oncothermia survival are evaluated depending on the ratio of the elapsed time until the first oncothermia treatment to the overall survival, dividing the patients into \'early oncothermia\' and \'late oncothermia\' categories. The overall survival shows the expected result: the low survival cases start earlier (p=0.0065) with oncothermia (n=31, median, 16.4 months \[4.7-79.7\]; mean, 19.62 months \[SE=2.61\]) than those with long survival, (n=30, median, 17.4 months \[1.7-182\]; mean, 31.7 months \[SE=7.07\]). On the other hand, the oncothermia survival was opposite (p=0.073): those with an early start (n=31, median, 8.4 months \[2.4-44.9\]; mean 12.7 months \[SE=1.9\]) had longer survival, than those with a late start (n=30, median, 2.7 months \[0.1-40.0\]; mean, 5.6 months \[SE=1.6\]).

The number of treatments does not influence the overall survival significantly (p=0.61), but the oncothermia survival (p=0.0023) and the follow-up time after the last oncothermia (p=0.01) greatly depend on the number of oncothermia treatments ([Fig. 5](#F5){ref-type="fig"}). Operability was especially beneficial for survival (p=0.0005), but the other pre-treatments did not relate significantly to either the overall survival or the oncothermia survival rates.

The effect of the length of treatment grouped by before and after the median time of the data was measured also. In the early experience group (n~ee~=33), the median overall survival was 22.3 months (1.7-181) and mean was 33.7 (SE=6.4); the oncothermia survival median was 8.0 months (0.1-45) and mean was 11.6 (SE=2.07); and the median elapsed time to the first oncothermia treatment was 10.3 months (1.5-142) and mean was 22.1 (SE=5.3). Later, according to our experience (n~le~=28), the data were: median overall survival, 12.3 months (3.6-51.9) and mean, 15.9 (SE=2.2); median oncothermia survival, 5.0 months (0.1-25.1) and mean, 6.37 (SE=1.24); median elapsed time to first oncothermia treatment, 5.9 months (43.77) and mean, 61.1 (SE=1.8). The differences between the early and late experiences were significant in the case of overall survival (p=0.028) and the elapsed time to the first oncothermia treatment (p=0.012), but not significant for oncothermia survival (p=0.19). The significantly better survival values in the first half of the study time compared to the second one probably originated from the fact that the patient spectrum had shifted to more advanced cases. In the early experience group, the proportion of the advanced cases was 33%, while in the late experience group, 57% of the cases were advanced, but both of them increased (76% and 75%, respectively) when measured at the first oncothermia treatment. The nearly equal percentage of the advanced cases in both categories (rising from very different starting points) indicates that the patients can be assumed to start the oncothermia treatment at nearly the same stage irrespective of the elapsed time from the original diagnosis to the first oncothermia treatment.

Another Hungarian study \[[@B90],[@B91],[@B92],[@B93]\] was made by HTT-Med (HTT), a specialized HT clinic. The inclusion and exclusion criteria as well as the complete protocol were identical with the PFY study. The age distribution of patients (n=197) was acceptably normal (p=0.59); no outlier was present. The median age was 57 years (range, 16 to 84), the mean-age was 56.71 years (SE=0.77). The gender distribution was 62/135 female/male (31.5%/68.5%). The proportion of the elderly (\>68 years) patients was 20.3%. Most of the patients (157, 79.7%) had distant metastases (one, two, and three metastases were observed for 101, 43, and 13 patients, respectively). They were heavily pre-treated; most of them (93.4%) had undergone surgery and subsequent radiation therapy. The actual staging was performed at the first diagnosis (46.2% were in advanced \[World Health Organization IIIb or IV\] stages) and at the first oncothermia treatment they were at a more advanced status.

The median of the elapsed time from the first diagnosis to the first oncothermia treatment was 5.5 months (0.2-111.3), while its mean was 10.6 months (SE=1.0). The elapsed time ratio to the overall survival was near 50% (median, 45.4% \[1.6-96.7\]; mean, 45.7 \[SE=3.9\]).

The oncothermia treatment was provided twice a week; the number of treatments was on average 7.9 (SE=0.4) and its median 6 (3.40). The median treatment time was 60 minutes (45-135) and the mean was 69.6 minutes (SE=1.3), while the median equivalent temperature was 52℃ (43℃-59℃) and its mean was 51.4℃ (SE=0.3). Note that the equivalent temperature is not the real temperature. It is the calculated value from the actual energy absorption and the impedance, meaning the actual destruction rate, which is as high as it would have been in the purely temperature-oriented case.

The Kaplan-Meier plots of the overall survival (median, 15.6 months \[1.1-122.1\]; mean, 22.4 months \[SE=1.31\]) and the survival from the first oncothermia treatment (median, 7.57 months \[0.1-68.6\]; mean, 11.8 months \[SE=0.91\]) are shown in [Fig. 6](#F6){ref-type="fig"}. For elderly patients, neither the overall survival nor the oncothermia survival differed (p=0.37 and p=0.49, respectively).

The differences between the patients without or with metastases in their overall survival and oncothermia survival were not significant (p=0.33 and p=0.07, respectively). The number of treatments significantly influences the overall survival (p=0.048) and the oncothermia survival (p=0.00046) and the follow-up time after the last oncothermia treatment (p=0.0017) greatly depends on the number of oncothermia treatments. The operability here also gave a significant benefit for survival.

We studied the effect of the experience of treatment by the data before and after the median time of the study. In the early experience group (n~ee~=94), the median overall survival was 15.3 months (2.4-122.1) and mean, 24.0 (SE=2.17); the median oncothermia survival, 7.2 months (0.3-68.6) and mean, 11.8 (SE=1.5); and the median of the elapsed time to the first oncothermia treatment was 5.37 months (0.4-111.3) and mean, 12.2 (SE=1.8). In the late experience (n~le~=103) the data were: median overall survival, 15.83 months (1.1-77.7) and mean, 21.0 (SE=1.5); median oncothermia survival, 8.13 months (0.1-43.9) and mean, 11.8 (SE=1.1); and the median elapsed time to the first oncothermia treatment, 5.6 months (0.2-64.8) and mean, 9.1 (SE=1.1). The differences between the early and late experiences were not significant in case of the overall survival (p=0.85), oncothermia survival (p=0.17), and the elapsed time to the first oncothermia treatment (p=0.21).

Due to the identical protocols, a simple meta-analysis was performed on these data \[[@B93]\]. The age distribution of the 258 patients together was near to normal (p=0.71), and no outlier was present. The median age was 57 years (range, 16 to 84), and the mean-age was 57.2 years (SE=0.7). In the spectrum of the PTF, a slight shift to the elderly patients was observed. The overall gender distribution was 83/175 female/male (32%/68%), and no significant difference could be measured between the places. The ratio of the elderly (\>68 years) patients was 20.5%, (20.3% and 21.3% in PFY and HTT, respectively). The PFY/HTT patient ratio was 61/197 (24%/76%).

Eighty percent of the patients had distant metastases in both study locations and half of them were in an advanced stage at the first diagnosis of the disease. The patients were heavily pre-treated; in PFY, chemo-therapy, and in HTT, the surgery was the most frequent modality. The median elapsed time to the first oncothermia treatment from the first diagnosis (ETO) was significantly shorter in HTT than in PFY (p=0.028). The oncothermia treatment was provided twice a week, the number of treatments in average was more in the PFY than in the HTT procedures.

The overall survival and the survival from the first oncothermia treatment (OSO) are shown in [Figs. 6](#F6){ref-type="fig"}, [7](#F7){ref-type="fig"}. The overall survivals are significantly lower in HTT (p=0.044), but in the oncothermia survival there are no significant differences (p=0.53). Survival after the treatment was not different in the two locations (p=0.55). However, for elderly patients, neither the overall survival nor the oncothermia survival was different (p=0.38 and p=0.86, respectively).

We added a Hungarian historical (retrospective) control (n=53), which was collected from the St. Borbala Hospital (Tatabanya, Hungary), for comparison. The data-set was collected from the patients of the leading author of a meta-analysis \[[@B93]\]. The overall survival Kaplan-Meier plot shows a significant benefit of the oncothermia (p=0.033; median, 15.8 months (1-182); mean, 23.1 months (SE=1.3) for oncothermia; median, 14.0 months (1-84); mean, 18.5 months (SE=2.3) for the historical control) ([Fig. 8](#F8){ref-type="fig"}).

The patients were divided to subgroups of advanced (III, IIIa, IIIb, IV) (n=140) and not-advanced (I, Ia, Ib, II, IIa, IIb) (n=77) stages (data were not available for a smaller group (n=41); their data were not used in this evaluation). It is not surprising that the two subgroups are significantly different (p=0.038) by their survival ([Fig. 9](#F9){ref-type="fig"}).

The non-advanced subgroup (stages I, Ia, Ib, II, IIa, IIb) had 87 patients altogether (77 active, 10 control) and the advanced subgroup (stages III, IIIa, IIIb, IV) had 183 patients (140 active, 43 control). When we compared both subgroups with the relevant subgroup of the historical control, the effect of oncothermia became more pronounced in advanced cases (III+IV) (active arm: median, 14.7 months \[n=132\]; control arm: median, 11.0 months \[n=43\]) The result is more significant, p=0.023 than in the non-advanced case subgroup, where the differences were not large, and were not significant [Fig. 10](#F10){ref-type="fig"}.

The above two studies were performed by the same guidelines but in entirely independent hospitals, with no overlap in medical personnel. The two retrospective data sets can be regarded as independent. The study of the expertise of the personnel in the two places was the same; their training was sufficient to make the optimal performance from the very start of the treatment.

The patients\' pretreatments were mostly dominated by surgery and chemotherapy in HTT and PFY, respectively. Like the ETO; surprisingly the overall survival was also significantly lower as significantly different having the earlier start of oncothermia in HTT. It seems the patients treated by HTT were more advanced at their first diagnosis (more metastases were detected) than the PFY counterparts, which explains the difference. Despite the difference in overall survival, the OSO does not differ significantly between the two places. The yearly survival rates could be regarded as identical (p\>0.99) within the measurement error ([Fig. 11](#F11){ref-type="fig"}). This could be indication of the oncothermia leveling action as well.

CONCLUSION
==========

Our present paper showed a strong indication on the oncothermia benefit to treat pulmonary malignances. The results clearly indicate the feasibility and the benefit of the oncothermia treatment for both SCLC and NSCLC for a number of reasons: 1) oncothermia showed valid treatment potential and safe application; 2) the survival time was increased by oncothermia for the patients; 3) oncothermia increased the quality of life of the patients; 4) due to the limited effectiveness of the established therapies, oncothermia could be one of the important future methods to improve our treatment facilities.

No potential conflict of interest relevant to this article was reported.

![Comparison of the local control in the two arms. CR, complete remission/response, PR, partial remission/response; SD, stable disease; PD, progress disease.](kjtcs-47-77-g001){#F1}

![The Kaplan-Meyer plot of survival showing a clear significant benefit of the oncothermia-treated arm.](kjtcs-47-77-g002){#F2}

![The Kaplan-Meyer plot shows a statistically significant benefit for the oncothermia group.](kjtcs-47-77-g003){#F3}

![(A) Overall and (B) oncothermia treatment time survivals by Kaplan-Meier plot of the patients in PFY (Peterfy Hospital, Budapest, Hungary) study.](kjtcs-47-77-g004){#F4}

![Survival times for patients according to the treatment session time (\'few\' lower than the median number, \'many\' higher than the median number of treatments).](kjtcs-47-77-g005){#F5}

![(A) Overall survival, and (B) survival from the first oncothermia treatment for the patients that entered the HTT (HTT-Med) study.](kjtcs-47-77-g006){#F6}

![The difference between (A) the overall and (B) oncothermia survival, for patients involved in the studies. HTT, HTT-Med; PFY, Peterfy Hospital, Budapest, Hungary.](kjtcs-47-77-g007){#F7}

![Kaplan-Meier plot for the historical and active arms in the study (n=311, active=258, control=53). The difference is significant (p=0.033).](kjtcs-47-77-g008){#F8}

![Survival difference between (p=0.038) advanced and non-advanced non-small-cell lung cancer subgroups.](kjtcs-47-77-g009){#F9}

![Comparison of subgroups with the relevant part of the historical data. Non-advanced subgroup: n=87, (77, 10), p=0.63; advanced subgroup: n=183, (140, 43), p=0.0017.](kjtcs-47-77-g010){#F10}

![The yearly survivals of the patients in the two institutions (no significant difference exists). In both locations, most of the patients reported subjective improvement of their quality of life. No extra toxicity or safety problem was observed during the treatments. HTT, HTT-Med; PFY, Peterfy Hospital, Budapest, Hungary.](kjtcs-47-77-g011){#F11}
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Response and survival rates in controlled double-arm studies for non-small cell lung cancer treated by capacitive hyperthermia (8 MHz)
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The results of radio-thermotherapy for advanced non-small cell lung cancer patients
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IIIb and IV are the staging categories according to the World Health Organization.
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The measured data in locally advanced non-small cell lung cancer patients
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TRT\#, number of thermoradiotherapy treatments.
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Distribution of the patients in the study
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Values are presented as mean (range) or number (%).
